RHIC Spin Physics

e Long term goals of the program:
gluon contribution to proton spin (DG);
parity-violating W production;
pp elastic scattering
e Physics from RHIC run-2 polarized proton collisions
Unpolarized pp cross sections for heavy-ion reference;

Transverse single spin asymmetries (Ay) for local polarimetry;
Physics implications of large Ay in p.p collisions at Gs=200 GeV

e Plans for physics during RHIC run-3 polarized proton collisions

Improve precision of Ay measurements;
First measurements of A, for jets and single particles P progress towards DG

L.C. Bland
BNL
17 March 2003
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Gluon Contribution
to the proton’s spin

gg Compton scattering with polarized protons
provides a direct measure of gluon polarization.
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Quark-Gluon Compton scattering
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Coincident detection of g and away-side jet b event determination of initial-state partonic kinematics.
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Flavor Structure Sensitivity: & BruneruhM
pp ® W*
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The pp2pp Experiment at RHIC

Measures elastically scattered protons in range of 50 GeV to 500 GeV c.m.s.
energy, G5 , in the four-momentum transfer range of 4104 GeV2 £ |t| £ 1.3 GeV?

( at s = 500 GeV ), covering region of

=Coulomb interaction for |t]| < 103 GeV?

=Measure total cross section 0,

<Hadronic interaction for
5=103GeV?£ |t] £ 1 GeV?

<Measure forward diffraction cone slope b

e |nterference between Coulomb and
hadronic interaction (CNI-region)

<Measure ratio of real and imaginary part
of forward scattering amplitude r

= Diffractive dip structure

=Measure possible Odderon contribution
to spin exchange in region with previously
observed sign change of single spin
asymmetry
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Physics from RHIC Run-2 p_p Collisions
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Status of Run 2 jet analysis %ﬁspﬁ

- Very first “look” at jets:
- DATA: STAR minimum-bias pp data: & = 200 GeV

- Jet algorithm: Cone jet Finder for charged particles only: R = 0.7, seed >
1GeV, E;>5 GeV, |¢®t] < 0.7

- Quantitative comparison to MC simulations (e.g. Pythia) requires detailed
studies of detector efficiencies

& F - First “look” to “see” jets is
AT - Preliminary encouraging in view of our
w - F +*++ uncorrected spin program (“inclusive
ko trh*ﬂ jets”) in FYO3!
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Engineering Run of 2002

Conditions

14 hour run with high &* = 10 m beam tune

beam momentum p = 100 GeV/c

55 proton bunches per beam

beam scraped to emittance a » 12 d =106 m
and beam intensity | £ 5=1011 protons

beam polarization P = 0.24 (preliminary)

Closest approach of first detector strip to beam

15mm »15s,,,, ® t. =-4=103 GeV2

Collected ~300,000 elastic scattering events

Expected Results of 2002 Data Analysis

Extraction of diffraction cone slope b

Calculation of single spin asymmetry A,

Preliminary |t |-distribution for elastically
scattered protons with

=for all azimuthal angles and

=for a limited range of azimuth, resulting in full
acceptance in 0.010 GeV2< |t | < 0.019 Ge\2,
we obtain from fitb = (16.4 £1.6) GeV-2
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Spin asymmetriesin p® production: p +p® p + X

Non-zero A measured in E704 at Fermilab

o 05=20GeV, pr=0.520Gevic:  praviictions by different theorists expect non-
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1w PTOtOtype Forward p® Detector (FPD) at STAR

ocated east of ST det_ector z:7500m:

. Pb-glass detectors provided by IHEP-Protvino
. prototype STAR Endcap EMC module

Single event analysis sees p°® gg:

FPD ent, Fun 1583, event BG M= 0[}158 0015?!3 I

wEng E T T 'Mn.nm L L I U P T P T A
£k TR~ I H
LIDJ g Ra s 2400 F Rt k]
s wer ] LS L
% :;1:112 n.szz‘ﬂ:_: LﬁI]J 00 :_ :::inz g:;:;;f
3 200 | -
3 100
1| P n|n*h|||||||_ U:
20 40 80 BO  1GO 23 40 60 BO 100
X Strip Y Strip
Pb-glags S a5 (g VP Identified partlcles up to >60 GeV
el B N | e AR R RN R e 153 AP AR T T
¥ B Y & - Pk cta 171.47
3l - Centroid Q. 1330
o Q191 3E—H |
: |} | bkgnd al S0.91
— 0 bkgnd of 455.1 ]
' 1 | FPD i bkgnd 02 -2103.
250 -
BBC ki |l BBC Eag _ _
West‘ o oo |Fag B -
“J: TLIA i F i.ll l..I l'-l i ]
T 150 H — Paw trigger _
- | — IE, = EJ/(E, + E} < 0.5
i i | 100 W — background B
=N
: co |
T _ L1 11 I L1 11 I L1 1 1 1 ]
BH““““H“EH ¢ ] .1 0.2 0.3 0.4 3.5 0.6 1.7

NATIOMNAL LABORATORY Cluster pdir invarignt mass (GeV/c?)



+ O+
p.+p® p"+X Theory predictions at
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RHIC Run 3 Goals...
8 weeks of polarized proton running

 Continue commissioning of RHIC for spin.
Goal: L=10%cm?s?!, P, =04

beam

 Confirm tuning of spin rotator magnets via absence of left/right and
up/down spin asymmetries.

* Improve precision of A, measurements for forward p production.
« A, for mid-rapidity inclusive jet (STAR) and hadron (PHENIX)
production as a probe gluon polarization.

...and beyond

* Polarized gas jet target for CNI polarimeter calibration (Run 4)

» (5=500 GeV commissioning and first run (Run 4)

« Warm helical partial Siberian Snakein AGS (RIKEN / Run 4)

e Strong Siberian Snake in AGS for improved polarization (Run 5)

« Improved luminosity for gand W physics BROOKHEAUEN
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Shower Max Detector + Zero Degree Calorimeter
PHENIX Local Polarimeter Run 3

BNL,Kyoto,
RBRC,RIKEN
Beam
ﬁ

Deuteron-Gold Run (PRELIMINARY)
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Run 3 Objectives:

* probe of Color Glass Condensate in d+Au
p p; dependence of large h yield

e improve understanding of dynamical origin
of Ay in p_+p

e tune spin rotator magnets
(local polarimeter)

Status:

e all Pb-glass+shower max. detectors
installed on east

 half of planned detectors installed on west

e Pb-glass readout commissioning underway

e Shower max. readout installation during
3/12 access

BNL, Penn State, IHEP-Protvino,
UC Berkeley/SSL, UCLA, ANL

STAR Collaboration Meeting 2/27/03



Pion/Hadron
A, Measurement

*RuN-3
—by assuming
3pb
*50% polarization
*Run-4
—by assuming
*30pb!
«70% polarization

Y. Goto, RIKEN/RBRC
SPIN 2002
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Luminosity: 3 pb

s = 200 GeV

Polarization: 0.4

Assume: Coverage of EMC (barrel)
0<O<28and0<¢g<1

Jet Trigger: E; >5 GeV over at least

one “patch” (A¢ =1) X (AO =1)
Jet reconstruction: Cone algorithm
(seed =1 GeV,R=0.7)
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PP2PP Summary

pp2pp will measur e spin-dependent elastic proton-proton scattering in a
new kinematic region;

pp2pp will probe the Pomeron (Odderon): Large distance QCD;
First engineering run was very successful:
— Working on first physicsresults: nuclear slope B at Gs= 200
— Possibly A
Next: finish building experiment and complete physics program
Exciting opportunitiesat RHIC for pp2pp over the next few years

2003 — at s = 200 GeV: s, B, ds/dt, A (1), Ay (1)

2004 — at s =500 GeV: s, ,, B, ds/Zdt, A (1), A\ (D
Ds, ., — 3%0, DA » 0.2-0.3% (A — 4%0)

2005 — at s = 500 GeV: B(t), ds/dt, diffractive minimum




Summary

« RHIC will provide a new generation of proton spin
structure studies

0 gluon contribution to the proton’s spin
o spin/flavor decomposition of the sea

 First polarized proton collisions at &s=200 GeV during
RHIC run 2 p transverse single spin asymmetries.

 Plans for further A, measurements and first A |
measurements of inclusive hadrons and jets in RHIC run 3.
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